Diastolic murmurs associated with the Starr-Edwards mitral prosthesis have not been described previously. In this report, five patients with mitral prostheses are described in whom apical mid-diastolic and presystolic murmurs resulted from two different causes. Three patients had clots obstructing the prosthetic el'fice. The other two had normally functioning prostheses and moderately severe aortic insufficiency. 
(8) (6) (1) prosthesis in February, 1972 . The postoperative course was uncomplicated. In July, 1972, the patient developed congestive heart failure over a period of a few days. On examination, he had normal prosthetic valve sounds. A grade 1I/VI mid-systolic apical murmur and grade II/VI apical mid-diastolic and presystolic murmurs were heard for the first time since valve replacement. The chest X-ray showed pulmonary venous congestion with a right pleural effusion. 4 ) with the beginning of poppet closure occurring 38 msec prior to the upstroke (of the R wave. At surgery the 6400 mitral prosthesis was well-healed. The absence of mitral regurgitation was confirmed and the poppet was noted to move freely in the cage. The aortic valve was replaced with a model 2400, size IIA, Starr-Edwards valve. Postoperativelyv, the patient remained in sinus rhythm with a P-R interval of 0.24 sec and the mid-diastolic and presystolic murmurs were absent. Poppet movement ( fig. 5 ) appeared normal and differed from the preoperative study in that closure began 50 msec after the R wave upstroke. This indicated that, preoperatively, the onset of mitral poppet closure movement was "-premature. patible with left atrial enlargement, and nonspecific ST-T abnormalities. The chest X-ray showed mild cardiomegaly, a large left atrium, and clear lung fields. Cardiac catheterization (table 1 and fig. 7 ) included simultaneous electrocardiographic tracings, left ventricular tracings, and cinefluorography of the mitral prosthesis ( fig. 8) fig. 9 ) revealed no poppet closure until 33 msec prior to the R wave upstroke. This closure time ,r%.as eqtual to that of the final closure of the poppet prior to suirgerv. The patient was discharged from the hospital, doing well, on sodium salicylates, digoxin, and quinidine. March 1975 murs resulting from aortic insufficiency in the presence of a normally functioning mitral prosthetic valve. There is ample evidence that the mitral prostheses were functioning normally and that the patients had moderately severe aortie regurgitation. The transvalvular gradients of 3.7 and 2.3 mm Hg are well within the normal range for a Starr-Edwards mitral prosthesis.2 6 The poppet movements were free and brisk, as shown by cineangiography and cinefluorography ( figs. 4 and 8) .7 At the time of reuperation, the mitral prostheses were well-healed and without evidence of obstruction. Clinical examination suggested significant aortic insufficiency and this was confirmed by supravalvular cineaortography in both cases. Amyl nitrate inhalation decreased the intensities of the diastolic rumble in both patients, suggesting they resulted from aortic insufficiency. 8 The apical mid-diastolic and presystolic murmurs disappeared following aortic valve replacement and the mitral prostheses were not altered during reoperation. Therefore, the evidence shows that the mid-diastolic and presystolic murmurs were related to the aortic insufficiency and that these two patients had Austin Flint murmurs.
The occurrence of an Austin Flint murmur in the presence of a mitral prosthesis has important implications with regard to the genesis of the murmur.
Flint, in his original description of the murmur, was primarily concerned with the presystolic component: "-Experiments show that when the ventricles are filled with liquid, the valvular curtains are floated away from the ventricular sides, approximating to each other and tending to closure of the auricular orifice.
The distension of the ventricle is such in aortic insufficiency that the mitral curtains are brought into coaptation, and when auricular contraction takes place, the mitral direct current passing between the curtains throws them into vibration and gives rise to the characteristic blubbering murmur."9 Thus, Flint believed that the murmur to which his name has been given was due to premature mitral valve closure induced by an increased diastolic volume. Subsequently, it has been shown that the murmur may also occur in mid-diastole or may be localized to middiastole."0-12 A number of other mechanisms for the Flint murmur have subsequently been postulated. The proven or postulated mechanisms are listed in table 2. It can be seen that most of these mechanisms were not present in our patients. The mid-diastolic and presystolic components of the Austin Flint murmur should be considered separately.
The mechanism of the mid-diastolic component of the murmur observed in patients 4 and 5 is unclear. None of the conditions listed in table 2 appear to have been present in our patients. Since early movement of 407 SCHAEFER ET AL. The generation of turbulence and thus a murmur from the mitral prosthesis would depend on the gradient and the cross-sectional areas across the prosthesis, the velocity of flow, and the architecture of structures encountered by that flow. Previous studies in patients with mitral stenosis and a presystolic murmur had shown that the gradient decreased toward end-diastole, and in fact, for 18 msec prior to mitral valve closure, there was a negative gradient across the valve. 17 In calves with normal mitral valves and in those with prosthetic tricuspid valves, flow has been shown to decrease during this period of a decreasing gradient and to reverse transiently during the Circulation, Volume 51, March 1975 isovolumic contraction period. 18, 19 A decrease in both the gradient and blood flow across a heart valve might be expected to decrease the murmur rather than to cause presystolic accentuation. Therefore, it has been proposed that partial closure of the mitral valve leaflets accentuates the presystolic murmur by increasing the velocity of flow and, thus, the turbulence.20 ' 21 In our patients, the presystolic accentuation of the murmur started at about the time of the beginning of valve closure. However, in one of our patients (4) the time of closure did not change after aortic valve replacement while the murmur had disappeared, making early poppet movement toward closure an unlikely sole cause of the murmur. As the diastolic movement of the poppets differed in our two patients with Austin Flint murmurs, a single explanation for the development of the presystolic component cannot be obtained from our findings. Until instantaneous changes in gradient, cross-sectional area, and velocity of flow across the valve can be measured simultaneously, the causes of the presystolic murmur must remain conjectural.
Apical mid-diastolic and presystolic murmurs are uncommon in patients with a Starr-Edwards mitral prosthesis. These murmurs occur with obstruction of the mitral prosthesis and also with significant aortic insufficiency in the presence of a normal prosthesis.
